Providing safe and wholesome water in sufficient quantity on a sustainable basis remains elusive for large population especially in semiarid regions and hence water balance estimation is vital to assess water availability in a watershed. The water balance study is formulated to assess the runoff that can be harvested for effective utilization. The study area is Urapakkam watershed with a chain of 3 tanks having an aerial extent of 4.576 km 2 with hard rock formation underneath and thus has limited scope for groundwater recharge. Hence surface water is the main water source in this area. Runoff computed for the watershed using USDA-NRCS model varied from 94.95 mm to 2324.34 mm and the corresponding rainfall varied from 575.7 mm to 3608.0 mm, respectively. A simple regression model was developed for the watershed to compute runoff from annual rainfall. Average annual runoff estimated for the watershed was around 37% of the rainfall for the study period from 2000-01 to 2013-14. Statistical analysis and test of significance for runoff obtained by NRCS model and regression model did not show any significant difference thus proving that regression model is efficient in runoff computation for ungauged basins. The volume of water accessible for fifty percent dependable flow year is obtained as 2.46 MCM and even if 50% of it can be effectively harnessed the water available in the watershed is 1.23 MCM. The water demand of the area is estimated as 0.148 MCM for domestic purpose and 0.171 MCM for irrigation purpose, which is much lower than the available runoff that can be harnessed from the watershed. Thus there is scope to harvest 1.23 MCM of water which is more than the demand of the watershed. The study reveals that it is feasible to harvest and manage water effectively if its availability and demand are computed accurately.
Introduction
The global annual per capita water supply is around 7000 m 3 [1] , which shows that the earth has sufficient freshwater for the needs of the population. According to Food and Agriculture Organisation [2] average per capita water availability ranges from near zero in Kuwait to around 10,000 m 3 in Tajikistan. In addition to the spatial variability, there is seasonal variability in these areas, which results in extreme events. Cosgrove and Rijsberman [3] predicted that by the year 2025 about 60% of the world's population will face acute water shortage. Groundwater table is highly influenced by urbanization of an area.
Water demand is increasing in most of the cities as per capita water use of an urban citizen is almost twice than that of a rural citizen and India is rapidly urbanizing. As the Indian cities are facing water problems, groundwater exploitation has become inevitable which leads to the decline of groundwater table. To sustain urban cities there is an urgent need to augment groundwater resources. The per capita water availability of India is 1545 m 3 per annum [4] .
Monsoonal climate prevalent in India causes half of the precipitation to occur within a period of 15 days and more than 90% of the annual runoff during four monsoon months. The large regional and seasonal variation in rainfall and runoff in India have prompted human interferences in hydrological cycle. Options that combine augmentation of surface water and groundwater resources can ensure sufficient water availability in a sustainable manner. As the study area is on the threshold for rapid development and urbanization there will be an impetus for drastic increase 2 International Journal of Geophysics in water demand. The villages in the study area are already experiencing rapid urbanization.
Water balance estimates are essential to strengthen the decision-making pertaining to water management. Rainwater harvesting and water conservation measures deserve the highest priority in water management compared to other measures because of the huge investment required and longer time period involved [5] . So estimation of water potential is very important for the effective utilization of the available water resources in the context of fast urbanization.
The widely accepted empirical method to estimate runoff for an ungauged watershed is Natural Resource Conservation Service (NRCS) model, formerly known as Soil Conservation Service (SCS) model, which is based on water balance equation developed by United States Department of Agriculture [6] . Rainfall-runoff relation was first proposed by Sherman [7] . Surface runoff based on land use, soil, rainfall, duration of storm, and annual temperature for watersheds was developed by Mockus [8] . Mishra and Singh [9] conducted extensive research on Soil Conservation Service-curve number (SCS-CN) method. Mishra et al. [10] investigated SCS model for US fields with size ranging from 0.3 to 30352 hectare using rainfall-runoff events and found that the model is appropriate for high rainfall (>50.8 mm) areas. SCS method was successfully applied for a forest watershed having permeable soils [11] . Rainfall-runoff relationships using various empirical and numerical methods have been developed by various researchers [12] [13] [14] [15] [16] . Applicability of NRCS model was successfully demonstrated by many researchers worldwide for computing runoff [11, [17] [18] [19] . NRCS method is widely accepted and is proved useful for surface runoff estimation by several authors for various watersheds of Tamil Nadu [20, 21] . Modifications were made for SCS model for steep slopes by Gupta et al. [22] . Water balance computation of Noyil Basin in Tamil Nadu was presented by Chatterjee et al. [23] . Central Ground Water Board [24] conducted water balance studies for upper Yamuna basin and the recharge estimated was compared with water table fluctuation method.
Thakuriah and Saikia [25] successfully demonstrated methodology for runoff estimation by integrating remote sensing and geographic information system (GIS) in Buriganga watershed of Assam. Remote sensing data along with ground truth verification is widely utilized for mapping various resources in an economic and efficient way including soil mapping, land use mapping, and fertility mapping [26, 27] . The applicability of SCS model was improved by accounting for spatial and temporal variability in soil and land use with remote sensing and geographic information system [28] [29] [30] [31] [32] [33] [34] .
The literature study reveals that NRCS model is used for hydrologic simulation of small watersheds worldwide for a long period and can also give realistic results even for larger watersheds. Hence NRCS model is used in the present study for runoff computation owing to its efficiency, precision, and simplicity for ungauged watersheds. [35] . Index map of study area is presented in Figure 1 . Rainfall occurs mainly during October to December through Northeast monsoon. The area receives an average rainfall of around 1150 mm per annum. Rainfall data was collected from India Meteorological Department (IMD) Chennai for fourteen years from 2000 to 2014. Agriculture is the main livelihood of the watershed community. Paddy is the major crop and groundnut, sugarcane, cereals, millets, pulses, etc. are also cultivated. Water from Palar river, tanks, and wells is used for irrigation in the watershed [36] .
The Study Area and Data Collection

Methodology
Runoff Computation.
Watershed boundary for Urapakkam watershed was delineated using District Soil & Watershed Atlas [37] and verified with Survey of India toposheet and satellite imagery. Land use map was prepared for the tank watershed in GIS platform using ArcGIS-9.8 software and the area under each land use is calculated.
Surface runoff was assessed by applying NRCS-Hydrologic model using daily time step [38] . The runoff equation is
where is Rainfall, in mm CN is curve number which ranges between 0 and 100 is storage index, depending on the curve number is initial abstraction, a fraction of is runoff, in mm Using = 0.2S, (2) takes the form
Daily rainfall data, land use map, hydrological soil group, and infiltration study were used to arrive at runoff curve numbers for NRCS model. The watershed curve number is closely related to soil storage index. According to infiltration characteristics, soil is grouped under four hydrologic soil groups, namely, A, B, C, and D, where A has the highest infiltration rate and D has the least infiltration rate [39] . Surface conditions of a watershed are taken care of by curve numbers. The curve numbers corresponding to various land uses and hydrologic soil groups can be obtained from Table 1 [40] . From this, the weighted curve number of the watershed can be determined which corresponds to the average Antecedent Moisture Condition (AMC II). AMC for dry and wet situations is determined using five-day antecedent rainfall which corresponds to less than 13 mm and more than 28 mm rainfall, respectively, and gives rise to AMC I and AMC III. The curve number determined for AMC II can be converted for other conditions, namely, AMC I and AMC III using the following relations [38] : [41] .
Standard Error of Estimate (SEE) is an estimate of the average deviation of the regression value from the observed data. Mean Absolute Error (MAE) is the average of all absolute errors which can be expressed as
where is runoff by NRCS model is runoff by regression model is number of data sets
Test for significance: t-test was used to test whether there is significant difference between runoff computed by NRCS model and those estimated by regression model. The assumptions used in this test were samples which are independent and random in nature and samples which are normally distributed.
Two-independent sample t-test statistics is defined as
Water Balance Study.
Water availability and demand for domestic use and irrigation in the watershed were computed separately. Domestic water demand was obtained as the product of per capita water requirement and the population. The difference between water availability and water demand will give a comprehensive understanding on the total utilizable water.
Estimation of Irrigation Demand. Irrigation water demand was calculated from the method given by Brouwer and Heibloem, 1986 [42] . Potential evapotranspiration was computed from Blaney-Criddle equation [43] and is given by
where mean is mean daily temperature (
is mean daily percentage of annual daytime hours.
Crop coefficient ( ) for paddy for various growth stages was estimated and crop water requirement was determined from
International Journal of Geophysics 5 Other water needs such as water to saturate the soil (SAT), percolation and seepage losses (PSL), and water needed for standing water layer (WL) were used to compute the irrigation need. Effective rainfall ( ) was calculated from the formulae 
where is rainfall in mm/month Irrigation Need (IN) is calculated as
Result
The runoff for Urapakkam watershed in Adyar basin was computed using USDA-NRCS model. A simple regression model was also developed and validated for its suitability for runoff computation of the watershed. By knowing the utilizable water available in a watershed, water supply for irrigation and other purposes can be planned and alternative cropping patterns can be adopted to avoid losses.
Runoff Computation
NRCS Model. Watershed boundary for the chain of tanks was taken from District Soil & Watershed Atlas and verified with Survey of India toposheet and satellite imagery.
Land use map for Urapakkam watershed was prepared from satellite imagery with field verification in GIS platform using ArcGIS and the area under various land uses was determined ( Figure 2 ). The watershed is in the hydrologic soil group D as per the soil details. Hydrological modeling considers water year from July to June of ensuing year and uses daily time step. Urapakkam tank has both free catchment and intercepted catchment. The hydrological model estimated the runoff for fourteen water years from 2000-01 to 2013-14 with daily time step. Land use details and corresponding curve numbers are given in Table 2 Days with rainfall and runoff for the study period are given in Figure 3 . Monthly rainfall and the corresponding runoff as estimated from NRCS model are given in Figure 4 . Figure 5 . Volume of runoff for the watershed varied between 0.434 MCM and 10.637 MCM during the fourteen years of study. Annual runoff for a representative water year (2008-09) is obtained as 2.46 MCM (Table 4) . When the rainfall exceeds the threshold limit, the proportion of rainfall contributing to runoff was found to be higher. Wide variations were observed in the quantum of runoff from rainfall of same magnitude due to varying antecedent moisture conditions in the soil. Figure 6 shows the average annual rainfall and runoff estimated for Urapakkam watershed.
Regression Model.
A Linear regression model was developed for the watershed to compute annual runoff from the annual rainfall. Ten-year data from NRCS model was used for model calibration and four-year data was used for validation. The regression relationship obtained between annual rainfall (mm) and annual runoff (mm) is given as Runoff = 0.736 × rainfall − 467.8 Figure 8 shows the comparison between the annual runoff by NRCS model and the developed regression model which illustrates that the regression model could be used to effectively predict runoff for the watershed even during the validation phase. The coefficient of determination (R 2 ) for runoff by NRCS model versus runoff by regression model was 0.939 at 95% confidence level (Figure 9 ). The statistical tests such as ttest, MAE, and SEE obtained for the two runoff estimates (NRCS model and regression model) were 0.55, 10.60, and 13.90, respectively. The average runoff for the watershed by linear regression model was obtained as 37.17 percent of the rainfall which ranges from 12.79% to 60.63%. It shows no considerable deviation from runoff computed by NRCS model. Thus the statistical analysis proves that tedious and data intensive computation methods can be eliminated and the volume of runoff from a watershed can be efficiently and easily computed using simple regression model. 
Validation of Regression Model.
Water Balance Study. Population density of Kanchipuram district is 892/km
2 [44] . Assuming the per capita water demand to be 100 liters/day for domestic purposes, the Irrigation is practiced in a small area of 10 ha in the watershed. The average irrigation demand for the watershed area is computed to be around 1195 mm. By considering an efficiency of 70%, the actual irrigation water requirement is 1708 mm. The total irrigation demand for 10 ha of paddy crop in the watershed is estimated as 0.171 MCM. Details of the computation of irrigation demand for paddy are presented in Table 5 .
The current total domestic and irrigation water requirement of the watershed is 0.320 MCM. After meeting all the water demands of the watershed there is sufficient water available even if only 50% of the total available rainwater can be effectively harvested.
Conclusions
Accurate estimation of runoff is essential for the effective management of water resources especially in semiarid regions like Tamil Nadu. NRCS model is a widely accepted model for the estimation of runoff for small watersheds. It is extensively used by engineers and hydrologists but the lack of sufficient data may give poor results. With the understanding of available water in a watershed, irrigation scheduling, crop rotation, and cropping pattern can be planned.
Total volume of runoff available for Urapakkam watershed from NRCS model for a representative year is 2.46 MCM. A simple regression model was developed to estimate depth of annual runoff for the watershed which is given as runoff (mm) = 0.736 × rainfall (mm) − 467.8. Statistical tests confirm that there is no significant difference between the runoff estimates from the two models. Hence the study confirms that it is advantageous to have calibrated regression models for easy computation of runoff and for the effective management of water resources for ungauged basins.
Water balance study shows that 1.23 MCM of water can be effectively stored in the watershed after losses by improving the drainage and capacity of the storages. The total domestic and irrigation demand is estimated at 0.320 MCM. Hence apart from meeting the present domestic and irrigation demand in the watershed, additional demand due to future development and demand of adjoining areas can also be met from the water available in the watershed if properly harvested.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
